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(54) Semiconductor laser module

(57) A semiconductor laser module (1 ) in which: the

distance between a semiconductor laser chip (1 1) arid a

diffraction grating can be shortened; the light output

spectrum is stabilized; and the output characteristic

does not fluctuate due to the external condition. In the

semiconductor laser module (1), a diffraction grating

structure (FG) is constituted in an optical fiber (21) by at

least two diffraction gratings (FG1.FG2) for reflecting

light with different wavelengths respectively. The diffrac-

tion grating structure is formed in a place corresponding

to the inside of the package or the inside of the coupling

means.
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Description

BACKGROUND OF THE INVENTION

The present invention relates to a semiconductor

laser module, and particularly relates to a semiconduc-

tor laser module having a fiber grating (FG) (or embed-

ded fiber grating reflector) structure which is formed

from a diffraction grating incorporated in an optical fiber.

Heretofore, a method in which a fiber grating or

embedded fiber grating reflector structure (sometimes

abbreviated to "FG structure") is formed from a diffrac-

tion grating incorporated in an optical fiber receiving

laser light emitted from a laser diode is often employed

in a semiconductor laser module. By using the fiber

grating, stabilization of the wavelength (for example,

0.98 jam band) of emitted laser light from the module

can be attained and this wavelength can be controlled

(for example, ELECTRONIC LETTERS Vol. 30 No. 25

(1994. 12. 8), p.2147-2149. LEOS Conf. Digest, New

Semiconductor Laser Devices and Applications (1990)).

The semiconductor laser module of this type is popu-

larly used in optical fiber communication, or the like. For

example, as a semiconductor laser module in which a

single fiber grating is incorporated, it is known that in

which a fixed pitch of refractive index variation grating

(FG) is formed in a place distanced by 10 cm to the

order of meters from the laser chip, that is, from an end

surface of the optical fiber is known.

In the case where this fiber grating (FG) is present

in the outside of the package in which the laser chip is

installed, the optical fiber between the laser diode (LD)

and the fiber grating (FG) may suffer from stress such

as bending or stretching. In a resonator formed between

the laser diode and the fiber grating, the state of light

polarization changes easily because of the stress of the

optical fiber. Accordingly, the output characteristics of

the laser module fluctuates easily.

In the case of a light-emitting module in which a

fiber grating is incorporated, it may be thought of to

insert an optical fiber into a tubular structure called fer-

rule" and incorporate a diffraction grating in the optical

fiber in the ferrule so that the optical fiber is protected

from such disturbance.

if the FG diffraction grating is incorporated in such

a structure, however, the distance between the laser

diode chip (strictly, the light emitting surface thereof)

and the diffraction grating is shortened. Accordingly, the

output characteristics of the module become unstable,

because wavelength difference of the longitudinal

mode, which is defined by the distance between the

laser chip and FG. is large and the contribution of each

mode is reflected more clearly to the output of the mod-

ule. This results as kinks in the optical output power

characteristics against the external conditions such as

driving current and operating temperature.

Hence, it has been difficult to incorporate a fiber

grating structure into a ferrule.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention

to provide a semiconductor laser module in which: the

5 distance between a semiconductor laser chip and a dif-

fraction grating can be shortened; the light output spec-

trum is stabilized; and the output characteristic does not

fluctuate due to the external condition.

It is another object of the present invention to pro-

w vide a semiconductor laser module of a compact struc-

ture in which: stabilized output characteristic is

obtained; and the size in the direction of the optical path

can be more shortened.

The above objects can be achieved, according to a

is first feature of the present invention, by a semiconductor

laser module comprising a semiconductor laser chip for

emitting light, a package in which the semiconductor

laser chip is installed, an optical fiber having a diffrac-

tion grating structure for reflecting light with a predeter-

20 mined wavelength selected from the emitted light of the

semiconductor laser chip, and a coupling means for

coupling the package and the optical fiber to each other,

wherein the diffraction grating structure is constituted by

at least two diffraction gratings for reflecting light with

25 different wavelengths respectively and is formed in a

place corresponding to the inside of the package or the

inside of the coupling means.

The above objects can be achieved, according to a

second feature of the present invention, by a semicon-

30 ductor laser module comprising a semiconductor laser

chip for emitting light, a package in which the semicon-

ductor laser chip is installed, an optical fiber having a

diffraction grating structure for reflecting light with a pre-

determined wavelength selected from the emitted light

35 of the semiconductor laser chip, and a coupling means

for coupling the package and the optical fiber with each

other, wherein the diffraction grating structure includes

at least one chirped grating in which a physical period of

refractive index variation changes continuously and

40 which is formed in a place corresponding to the inside of

the package or the inside of the coupling means.

As described above, in a semiconductor laser mod-

ule comprising a package in which the semiconductor

laser chip is installed, an optical fiber having a fiber grat-

is ing (FG) for reflecting light with a predetermined wave-

length selected from the emitted light of the

semiconductor laser chip, and a coupling means for

coupling the package and the optical fiber with each

other, the present invention is configured so that the FG

so is formed in a place corresponding to the inside of the

package or the inside of the coupling means. Further,

according to the first feature of the invention, the FG is

constituted by at least two diffraction gratings for reflect-

ing light with different wavelengths respectively, while

55 according to the second feature of the invention, the FG

is constituted by a chirped grating in which the physical

period of the refractive index variation changes continu-

ously.

2
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Because the fiber grating (FG) is thus formed in a
place corresponding to the inside of the package or the

inside of the coupling means, according to the present

invention, a resonator formed between the semiconduc-
tor laser chip (LD) and the FG is prevented from being 5
affected by bending or stretching caused by distur-

bance.

Furthermore, according to the first feature of the

present invention, the FG is constituted by at least two
diffraction gratings for reflecting light with different 10

wavelengths respectively. Even in the case where the

distance between the LD and the FG is selected to be
short, the light output characteristic is not affected by
the change of environment such as temperature, etc,

and is stabilized. 75

Further, these at least two diffraction gratings can
be fabricated suitably by performing overwriting in one
and the same region of the optical fiber. That is, when a

plurality of FGs with different reflection wavelengths are
tupenmposed in one and the same place of the optical 20

1t>er. not only the FG producing region can be reduced
but also light output characteristic free from kinks can
be obtained.

Further, according to the second feature of the

present invention, the FG is constituted by a chirped 25

grating tn which the physical period of the refractive

index variation changes continuously. As well known,
the chirped grating is a grating in which each grating

distance changes continuously and monotonously.
Accordingly, also in this configuration, stabilized light 30

output spectrum is obtained in the same manner as in

the case described above even in the case where the

distance between the LD and the FG is shortened. Con-
sequently, the light output characteristic is not affected

by the change of ambient environment such as temper- 35

ature. etc.

Although other features and advantages of the

present invention will be understood clearly from the fol-

lowing description of embodiments in connection with

accompanying drawings, the scope of the present 40

invention is not limited by the description but limited only

by the scope of Claim.

BRIEF DESCRIPTION OF THE DRAWINGS

istic in the case of the prior art.

Fig. 6 is an enlarged longitudinally sectioned view
schematically showing a main part of another mode of

FG formation in an embodiment of the present inven-

tion.

Fig. 7 is a longitudinally-sectioned view schemati-

cally showing a main part of the semiconductor laser

module according to another embodiment of the

present invention.

Fig. 8 is a graph showing the FG reflection spectral

characteristic of another diffraction grating.

Fig. 9 is a longitudinally-sectioned view schemati-

cally showing the semiconductor laser module accord-

ing to a further modified embodiment of the present

invention.

Fig. 10 schematically shows an optical fiber ampli-

fier using the semiconductor laser module according to

the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

45

Fig. 1 is a longitudinally-sectioned view schemati-
cally showing a semiconductor laser module according
to an embodiment of the present invention.

Fig. 2 is a longitudinally-sectioned view schemati-
cally showing part of the semiconductor laser module so

according to a modified embodiment of the present
invention.

Fig. 3 is a graph showing the FG reflection spectral

characteristic of a diffraction grating.

Fig. 4 is a graph showing an example of character- 55

istic of the semiconductor laser module according to an
embodiment of the present invention.

Fig, 5 is a graph showing an example of character-

Fig. 1 shows a schematic longitudinally-sectioned

view of a semiconductor laser module according to an
embodiment of the present invention. This semiconduc-
tor laser module comprises mainly an LD package 1,

and an FG connector 2. A semiconductor laser chip 1

1

is installed in the LD package 1. This semiconductor
laser chip 11 is mounted on a chip carrier 12. When
driven by an electrical drive circuit not shown, the semi-

conductor laser chip 1 1 can emit light correspondingly.

The reflectivity of the light-exit surface of the semicon-
ductor laser chip 11 is preferably selected to be not

larger than 2 % from a reason which will be described

later.

Further, the chip carrier 12 is fixed to a bottom por-

tion of the LD package 1 , for example, through a cooling

means 13. This cooling means 13 is constituted by a
heat radiating element such as a Peltier effect element.

This cooling means 13 gives an appropriate heat radiat-

ing function to the laser chip 1 1 when the cooling means
13 is driven.

A first lens 14 called "collimate lens" may be further

provided in the LD package 1. This first lens 14 is sup-

ported on the chip carrier 12 at the light-exit side while

the optical axis of the first lens 1 4 is made coincident

with the optical axis of the semiconductor laser chip 1 1

.

A coupling means 16 having hermetic glass 15 is fitted

into an opening opposite to this lens. Accordingly, the

emitted light from the laser chip 11 is led into the FG
connector 2.

On the other hand, the FG connector 2 is mainly

composed of an optical fiber 21. and a ferrule 22. Dif-

fraction gratings are incorporated in this optical fiber 21

so that so-called *fiber grating (FG)" structures are

formed. The fiber grating structures can be formed by a
suitable method such as a Holographic method, a
method using X-ray radiation to obtain a desired refrac-
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tive index change. According to a first feature of the

present invention, the structures are formed from at

least two diffraction gratings FG^ and FG2 having func-

tions of reflecting light with different wavelengths

respectively. 5

Optical elements such as a second lens 23 for col-

lecting light, etc. can be disposed in an optical path

between the optical fiber 21 and the first lens 14. An iso-

lator (not shown) can be disposed in the output side of

the diffraction grating FG2 - These optical elements can 10

be wholly or partly provided in the LD package 1 or FG
connector 2. In the example shown in Fig. 1 , the second
lens 23 is provided in a support portion 24 while the

optical axis of the second lens 23 coincides with the

optical axis of the laser output light from the semicon- 15

ductor laser chip 1 1

.

The optical fiber 21 is inserted in the inside of the

ferrule 22. The ferrule 22 is fixed to the LD package 1

through a sleeve 25. For example, this sleeve 25 is fixed

together with the optical system support portion 24 to 20

the coupling means 16 by a suitable bonding means as

shown in the drawing. A main function of this ferrule 22
is to provide a connection means for supporting the opti-

cal fiber 21 to optically connect the optical fiber 21 to the

LD package 1 and a protection means for protecting the 25

optical fiber 21 from stress in terms of disturbance.

Further, the FG connector 2 is wholly supported

and protected by a connector cover 26 represented by

the broken line. The structure of the FG connector 2 can
be changed as exemplified in Fig. 2. In the example 30

shown in this drawing, the ferrule 22 is supported by an
integrated connector sleeve 28 so that the connector

structure is simplified more greatly.

In Fig. 2, an end of the optical fiber 21 is spherically

processed so that an optical lens portion 27 called 35

"hemispherical fiber-lens" is formed instead of both the

first and second lenses or instead of the second lens 23.

By use of the optical lens portion 27, the total efficiency

is improved in cooperation with the feature of the fiber

grating as will be described later, so that the light output 40

power from the module can be increased. Further, by
use of the optical lens portion 27, the size of the module
in the direction of the optical path can be reduced.

According to the first feature of the present inven-

tion, the optical fiber 21 has at least two diffraction grat- 45

ings FG-| and FG2 as fiber grating (FG) structures as
described above. These diffraction gratings FG^ and
FG2 have functions of reflecting light with different

wavelengths X^ and X2 respectively, so that equal-width

gratings having different physical periods of refractive so

index variation to each other are formed as shown sim-

ply in Fig. 1

.

The reflection bandwidth of the FG can be
expanded even in the case where the diffraction grat-

ings FG-i and FG2 of with different wavelengths X^ and 55

X2 respectively are achieved by overwriting in one and
the same region of the optical fiber as will be described

later.

Hence, according to the invention, l-L characteristic

(characteristic of output light intensity L of the module
with respect to a current I applied to the LD) free from

kinking can be provided even in the case where the dis-

tance between the semiconductor laser chip (LD) 11

and each fiber grating FG 1( FG2 takes a short value not

greater than 10 cm. such as 2 cm.

Fig. 3 shows FG reflection spectrum (reflectivity

(R)-wavelength (X) characteristic) for explaining the

characteristic of a diffraction grating employed as an FG
structure. In the case where two diffraction gratings FG^
and FG2 are produced successively in order of the

nearer to the input end surface of the optical fiber 21

according to the first feature of the present invention,

the reflectivities R-| and R2 ,
wavelengths X^ and X2 and

line widths AX-j and AX2 of the diffraction gratings FG-)

and FG2 are preferably selected to satisfy the following

relations:

X -y < X 2 ,

R
1

, R 2 ^6 %,

preferably,

2%< R v R
2 <6%,

AX^, AX 2 > 2 nm,

preferably,

2 nm <, AX,, AX 2 ^ 16 nm,

and

|X
1

- X 2 \
< 10 nm.

When each of the reflectivities R
1
and R2 of the dif-

fraction gratings FG^ and FG2 is selected to be not

larger than 6 %, characteristic free from kinks can be
obtained compared with the case where the reflectivity

is larger than 6 %. Further, if each of the reflectivities R-j

and R2 is selected to be not smaller than 2 %, oscillation

at a Bragg wavelength can be obtained compared with

the case where the reflectivity is smaller than 2 %.
With respect to a Bragg wavelength, as well known,

when light is input to a diffraction grating, only the light

with a wavelength equal to an integer multiple of the

physical period of the diffractive index variation is

reflected selectively. The wavelength of light at that

point is called a "Bragg wavelength" (X = 2nA n: effec-

tive index, A: period of refractive index change).

Further, when the lower limit of each of the reflectiv-

ities R-i and R2 of the diffraction gratings FG^ and FG2

is selected to be not smaller than 1 % as represented by

the two-dot chain line in Fig. 3. The value of the total

reflectivity R which is the sum of these reflectivities R-i

and R2 is selected to be in a range of from 2 to 6 %, pre-

4
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ferred oscillation with a Bragg wavelength can be also

obtained. That is,

1 %< R v R 2 £6%, or

5

2 % < R < 6 %

is a preferred value concerning the reflectivities of these

diffraction gratings.

When each of the band widths AX^ and AX2 of the w
diffraction gratings FG-j and FG2 is selected to be not

smaller than 2 nm, characteristic free from kinks can be
obtained compared with the case where the band width

is smaller than 2 nm. When each of the band widths AA.
1

and AX2 is selected to be not larger than 16 nm, a light is

output bandwidth of the module effective for excitation

of EDF (Erbium-Doped Fiber), for example, not larger

than about 10 nm can be obtained. Fig. 10 shows an

example of EDFA (Erbium-Doped Fiber Amplifier) in

which the semiconductor laser module constructed by 20

the LD package 1 and the FG connector 2 according to

the present invention is employed for excitation of EDF.

In Fig. 10, reference numeral 100 designates an
erbium-doped fiber; 101 , a light source for generating a

signal beam; 102, a wavelength multiplexer/demulti- 25

plexer (WDM) to which excitation light emitted from the

semiconductor laser chip 1 1 of the semiconductor laser

module is input through an optical fiber 21 ; and 103 and

104, optical fibers not having amplification function.

When the wavelength X, of the diffraction grating 30

FG-) nearer to the input end surface of the optical fiber

21 is selected to be smaller than the wavelength X^ °f

the farther diffraction grating FG2 , the wavelength of

input light given to the farther diffraction grating FG2

from the semiconductor laser chip (LD) 1 1 can be pre- 35

vented from being affected by the loss due to the clad

mode of the diffraction grating FG
1
nearer to the LD 1 1.

When the absolute value |?M - X2 \ of the wavelength

difference between the wavelengths X
A
and X2 of the dif-

fraction gratings FG! and FG2 is selected to be not 40

larger than 10 nm, the oscillation spectral bandwidth

can be selected to be in a desired value range of not

larger than 10 nm.

Further, when the reflectivity of the output end sur-

face of the semiconductor laser chip (LD) 1 1 is selected 45

to be not larger than 2 % as exemplified above, oscilla-

tion at Bragg wavelengths of fiber gratings can be
obtained. That is, when the LD reflectivity is larger than

2 %, oscillation in the Fabri-Perot mode of the semicon-

ductor laser chip (LD) 1 1 is apt to occur. 50

Fig. 4 shows measured characteristic as an exam-
ple in the case where the wavelengths X^ and X2 , the

reflectivities R-, and R2 and the band widths AX^ and
AX2 are selected to be Xi = 1479 nm. X2 = 1481 nm, R-,

= R2 = 3 % and AX^ = AX2 = 3 nm according to this

invention. That is. light output P and its slope efficiency

S having characteristic as shown in Fig. 4 with respect

to the current I applied to the LD 11 are obtained.

Accordingly, I-L characteristic free from kinks can be
obtained, and stable light output can be obtained.

With respect to the slope efficiency S, as well

known, the light intensity L in the l-L characteristic rises

with a predetermined slope when the LD current

reaches an emission threshold current l^, and this

slope AUA\ is called the "slope efficiency".

When only one diffraction grating with wavelength X
as 1480 nm, reflectivity R = 3 % and band width AX ~ 3
nm is formed in the optical fiber in the same module
structure as an comparative example, characteristic as
shown in Fig. 5 is obtained, that is, the slope efficiency

is widely fluctuated.

As is obvious from comparison between the char-

acteristics shown in Figs. 4 and 5, in the case where the

optical fiber 21 has two diffraction gratings FG-) and FG2
(Fig. 4), l-L characteristic free from kinking can be
obtained, that is, stable light output spectrum can be
obtained compared with the case where the optical fiber

21 has only one diffraction grating (Fig. 5).

Further, three or more diffraction gratings FG1t

FG2 ,
FG3 ,... can be produced successively in order of

the nearer to the input end surface of the optical fiber

21. In this case, respective values are preferably

selected to satisfy the following relations from the same
reason as described above in the case of two diffraction

gratings FG-j and FG2 .

R-j, Rj>, R3,... ^6%,

preferably,

2 % < ^ 1 • ^ 2 • R 3 »*•* ^6 %,

AX^ t AX 2 ,
AX$ t ... > 2 nm,

preferably,

2 nm s AX.J, AX 2 , A A. 3,... S 16 nm,

and

0 nm.

Oscillation at Bragg wavelengths can be obtained if

the lower limit of each of the reflectivities R 1f R2 ,
R3,...

of the diffraction gratings FG 1( FG2 ,
FG3.... is selected

to be not smaller than 1 % and the total reflectivity R as

the sum of these reflection factors Rv R2 . That is.

1 % £ R 1( R 2 .
R 3 .... < 6%, or

55 2 % < R <; 6%

is a preferred value concerning the reflectivities of these

diffraction gratings.

5
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Further, the plurality of diffraction gratings formed in

predetermined regions of the optical fiber can be prefer-

ably achieved by overwriting in one and the same region

of the optical fiber. Fig. 6 schematically shows an exam-
ple in which two diffraction gratings FG-j and FG2 are 5

overwritten in one and the same region. In Fig. 6, one
diffraction grating FG^ is represented by the solid line

and the other diffraction grating FG2 is represented by
the broken line. Respective values of these diffraction

gratings FG-| and FG2 are selected to satisfy the same /<?

relations as explained above with reference to Fig. 3.

Three or more diffraction gratings may be overwritten in

the same manner as described above. Also in this case,

respective values of the diffraction gratings are selected

in the same manner as described above. 15

When at least two diffraction gratings (FG<| and
FG2) are formed in one and the same region of the opti-

cal fiber as described above, not only the FG formation

region can be reduced but also output characteristic

free from kinks can be obtained. Also in this case, each 20

of the reflectivities (R 1f R2 ...) of the diffraction gratings

(FG 1p FG2 ,„.) is preferably selected to be in a range of

from 1 to 6 % and the total reflectivity R as the sum of

these reflectivities is preferably selected to be in a range

of from 2 to 6 % in the same manner as described 25

above.

Rg. 7 shows a schematic longitudinally-sectioned

view of a main part of the semiconductor laser module
according to another embodiment of the present inven-

tion. The structure of the LD package 1 in this module is 30

not particularly different from that in Fig. 1 . For example,

the reflectivity of the light emitting surface of the semi-

conductor laser chip 1 1 is preferably selected to be not

larger than 2 % in the same manner as described

above. In the FG connector 2, on the other hand, a dif- 35

ference in external appearance is in that the ferrule 22 is

supported and protected by a connector sleeve 29. The
only point of difference optically or basically from the

semiconductor laser module in Fig. 1 is in that the opti-

cal fiber 21 of the FG connector 2 has at least one 40

chirped grating FGc in which the physical period of the

refractive index variation changes continuously accord-

ing to a second feature of the present invention. As well

known, the chirped grating FGc means a grating in

which each physical period of the refractive index varia- 45

tion changes continuously and monotonously. The
chirped grating FGC also includes a grating in which

each physical period of the refractive index variation

changes randomly.

The physical period of the refractive index variation so

of this chirped grating FGC may be narrow on the side

near the input side end surface of the optical fiber 21

while it is gradually spread along the travelling direction

of the laser light, so that schematically, FG reflection

spectra as shown in Fig. 8 are exhibited. Hence, even in 55

the case where, for example, the distance between the

laser diode (LD) 11 and the chirped grating FGc is

short, stabilized light output can be obtained. In the

case where the chirped grating FGC in which the physi-

cal period of the refractive index variation changes con-

tinuously is provided according to the second feature of

the present invention, it is preferable from the same rea-

son as described above in at least two diffraction grat-

ings FG-, and FG2 with reference to Fig. 2 that the

reflectivity Rc , mean wavelength Xq and line width

of the diffraction grating FGc are selected to satisfy the

following relations:

R C ^ 6 °/<a,

preferably.

2 % < R c £ 6 %, and

AX C > 2 nm,

preferably,

2 nm <, AX C £ 16 nm.

Also in the case where the chirped grating FGC is

produced, this diffraction grating FGC is suitable for

obtaining oscillation at Bragg wavelength when the

reflectivity Rc is selected to have a lower limit of 1 % as

represented by the two-dot chain line in Fig. 8 and sat-

isfy the following relation.

1 %< R c < 6%

In addition, as similarly to the case shown in Fig. 6.

a plurality of chirped gratings FGc mav be overwritten in

one and the same region.

In the semiconductor laser module according to the

present invention, the structure and form thereof can be
changed variously as exemplified above in Figs. 1, 2

and 6 without departing from the thought thereof, and,

further, may be changed as shown in Fig. 9. In the sem-
iconductor laser module shown in Fig. 9, a casing 1 7 of

the LD package 1 is extended. The optical fiber 21 sup-

ported by the fiber holder 22 enters this extended por-

tion so as to be disposed in the LD package 1 . The fiber

holder 22 is fixed stably to the casing 1 7 and an inner

wall 18 by a connector sleeve 30. Accordingly, in this

example, the optical fiber 21 is protected strongly from

various kinds of physical disturbance. Accordingly, sta-

bler characteristic can be obtained and the size can be
reduced compactly as a whole.

As described above, according to the present

invention, a fiber grating (FG) for reflecting only light of

a predetermined wavelength selected from output light

from a semiconductor laser chip installed in a package

of an optical fiber is provided in a place corresponding

to the inside of the package or the inside of a coupling

means. Further, the fiber grating is constituted by at

least two diffraction gratings (FG
1
and FG2 ) for reflect-

ing light of different wavelengths respectively or consti-

6
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tuted by a chirped grating (FGc) in which the period of

the refractive index changes continuously. Accordingly,

not only the size in the direction of the optical path can

be shortened but also light output oscillation spectra

can be stabilized regardless of the reduction of the size. 5

Consequently, a semiconductor laser module having

output characteristic which does not change corre-

spondingly to the external condition is obtained.

Claims 10

1 . A semiconductor laser module comprising:

a semiconductor laser chip for emitting light;

a package in which said semiconductor laser is 8.

chip is installed;

an optical fiber having a diffraction grating

structure for reflecting light with a predeter-

mined wavelength selected from the emitted 9.

light of said semiconductor laser chip; and 20

a coupling means for coupling said package
and said optical fiber to each other;

characterized in that said diffraction

grating structure includes at least two diffrac- 10.

tion gratings for reflecting light with different 25

wavelengths respectively which are formed in a

place corresponding to the inside of said pack-

age or the inside of said coupling means.

chip is installed;

an optical fiber having a diffraction grating

structure for reflecting light with a predeter-

mined wavelength selected from the output

light of said semiconductor laser chip; and

a coupling means for coupling said package

and said optical fiber with each other;

characterized in that said diffraction

grating structure includes at least one chirped

grating in which a physical period of refractive

index variation changes and which is formed in

a place corresponding to the inside of said

package or the inside of said coupling means.

A semiconductor laser module according to Claim

7, wherein the reflectivity of said diffraction grating

has a value of from 1 to 6 %.

A semiconductor laser module according to Claim 7

or 8, wherein the half-value width of the reflectivity

of said diffraction grating has a value of from 2 to 16

nm.

A semiconductor laser module according to any

one of Claims 7 through 9, wheran said diffraction

grating is a chirped grating having the shortest grat-

ing width on its side near an end surface of said

optical fiber.

2. A semiconductor laser module according to Claim

1 , wherein the reflectivity of each of said diffraction

gratings has a value of from 1 to 6 %.

30

3. A semiconductor laser module according to Claim 1

or 2, wherein the half-value width of the reflectivity

of each of said diffraction gratings has a value of

from 2 to 16 nm.

35

4. A semiconductor laser module according to any

one of Claims 1 through 3, wherein the central

value of the reflection wavelength of the diffraction

grating nearest to an end surface of said optical

fiber is the shortest wavelength.

40

5. A semiconductor laser module according to any

one of Claims 1 through 3. wherein said at least two

diffraction gratings are overwritten in one and the

same region in said place.

45

6. A semiconductor laser module according to any

one of Claims 1 through 5, wherein the total reflec-

tivity of said at least two diffraction gratings has a

value of from 2 to 6 %.

so

7. A semiconductor laser module comprising:

a semiconductor laser chip for emitting light;

a package in which said semiconductor laser

55

BNSDOCID: <EP 086091 7A2 t >



BNSDOC1D: <6P 086091 7A2J_>



EP 0 860 917 A2



EP0 860 917 A2

FIG. 4

jr

Q_

I—

Q_

o

o

0 100 200 300 400

CURRENT I [mA]

CO

>-o
UJ
o
LU

LU

g
CO

500 600

A 1 = 1479nm

A2 = 1481nm

Ri = R2 = 3%
A A 1 = A A i - 3nm

10

BNSDOCID: <EP 066091 7A2_I_>



EP 0 860 917 A2

FIG. 5

Q_

I

—

Q_
I

—

o
Y—

CD

150

100

50 -

0
u
0

0.4

100 200 300 400

CURRENT I [mA]

- 0.3

- 0.1

0

500 600

Ai = 1480nm

R = 3%
A A = 3nm

CO

>-o
- 0.2

UJ
o
LU

LU

o
I

CO

FIG. 6

LASER
LIGHT

FGi FG2 21

V!

OVERWRITTEN REGION

BNSDOCID: <EP 086091 7A2_I_>

11



EP 0 860 917 A2



EPO 860 917 A2

*

FIG. 8

nm

WAVELENGTH A

13

BNSDOCID <EP 086091 7A2 I >



EP0 860 917 A2

14



EP0 860 917 A2

•

FIG. 10

101

±

1,2

SEMICONDUCTOR
LASER MODULE

102

103

WDM

BNSDOCIO: <EP 086091 7A2_I_>

15



f

(19)

Europaisches Patentamt

European Patent Office

Office europeen des brevets en) EP0 860 917 A3

(12) EUROPEAN PATENT APPLICATION

(88) Date of publication A3:

21.10.1998 Bulletin 1998/43

(43) Date of publication A2:

26.08.1998 Bulletin 1998/35

(21) Application number: 98103039.8

(22) Date of filing: 20.02.1998

(51) Int. Cl.
s

: H01S 3/085, H01S 3/098,

G02B 6/42

(84) Designated Contracting States: (72) Inventors:

AT BE CH DE DK ES Fl FR GB GR IE IT LI LU MC • Hamakawa, Atsushi,

NL PT SE Sumitomo Electric Ind., Ltd.

Designated Extension States: Yokohama-shi, Kanagawa (JP)

AL LT LV MK RO SI • Shigehara, Masakazu,

Sumitomo Electric Ind., Ltd.

(30) Priority: 21.02.1997 JP 53942/97 Yokohama-shi, Kanagawa (JP)
13.01.1998 JP 18257/98

(71) Applicant:
(74) Representative:

Grunecker, Kinkeldey,
SUMITOMO ELECTRIC INDUSTRIES, LTD. Stockmair & Schwanhausser
Osaka-shi, Osaka 541 (JP) Anwaltssozietat

Maximilianstrasse 58

80538 Munchen (DE)

CO
<

o>
o
CO
CO
o
CL
LU

(54) Semiconductor laser module

(57) A semiconductor laser module ( 1 ) in which: the

distance between a semiconductor laser chip (11) and a
diffraction grating can be shortened; the light output

spectrum is stabilized; and the output characteristic

does not fluctuate due to the external condition. In the

semiconductor laser module (1), a diffraction grating

structure (FG) is constituted in an optical fiber (21) by at

least two diffraction gratings (FG1.FG2) for reflecting

light with different wavelengths respectively. The diffrac-

tion grating structure is formed in a place corresponding

to the inside of the package or the inside of the coupling

means.

FIG. 1

11 14 15

' ^ r
23 FGi FG2 22

u \__! :—

U

r
IT

21
i

"T"

25 2B

Printed by Xerox (UK) Business Services
2 16.3/3.4

BNSDOCID: <EP 086091 7A3 I >



t

EP0 860 917 A3

European Patent

Office
EUROPEAN SEARCH REPORT

Application Number

EP 98 10 3039

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate,

of relevant passages
Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (InLCI.6)

EP 0 739 067 A (SUMITOMO ELECTRIC
INDUSTRIES) 23 October 1996
* column 2, line 26 - column 2, line 35 *

* column 3, line 38 - column 3, line 45 *

* column 4, line 4 - column 4, line 16 *

* column 5, line 37 - column 6, line 32 *

* column 7, line 1 - column 7, line 34;
figures 4A,5A *

D. HUHSE ET AL. : "Fast wavelength
switching of semiconductor laser pulses by
self -seeding M

APPLIED PHYSICS LETTERS,
vol. 69, no. 14, 30 September 1996,
pages 2018-2020, XP000636151
* the whole document *

MORTON P A ET AL: "STABLE SINGLE MODE
HYBRID LASER WITH HIGH POWER AND NARROW
LINEWIOTH"
APPLIED PHYSICS LETTERS,
vol. 64, no. 20, 16 May 1994,
pages 2634-2636, XP000449693
* the whole document *

EP 0 611 097 A (AT & T CORP) 17 August
1994
* column 1, line 40 - column 1, line 54 *

* column 2, line 4 - column 2, line 14 *

* column 2, line 54 - column 3, line 22 *

* column 5, line 54 - column 7, line 12;
figures 1,2 *

1,4,7 H01S3/085
HO1S3/098
G02B6/42

1,4

1,7,10

TECHNICAL RELOS
SEARCHED (lnt.CI.6)

H01S

1,7,10

The present search report has been drawn up for all claims

Place ot search Oale ot eompieton ot the teareh Examiner

MUNICH 26 August 1998 Gnugesser, H

CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention

E : earlier patent document, but published on, or

X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined wrth another D ' document cited in the application

document of the same category L : document cited for other reasons
A technological background
O : non-wntten disclosure & : member of the same patent family, corresponding
P intermediate document document

ou
oa
(M
"O
»•»

o

a

a'

a.

2

BNSDOCIO: <EP 086091 7A3 I >



EP0 860 917 A3

European Patent

Office
EUROPEAN SEARCH REPORT

Application Number

EP 93 1G 3039

DOCUMENTS CONSIDERED TO BE RELEVANT

Category
Citation of document with indication, where appropriate,

of relevant passages

YU J ET AL: "FOURIER-TRANSFORM-LIMITED
2. BPS LIGHT PULSES WITH ELECTRICALLY
TUNABLE WAVELENGTH (15 NM) BY HYBRIDLY
MODELOCKING A SEMICONDUCTOR LASER IN A

CHIRPED BRAGG GRATING FIBRE EXTERNAL
CAV I TY

"

ELECTRONICS LETTERS,
vol. 31, no. 23, 9 November 1995,

page 2008/2009 XP000546733
* the whole document *

US 5 485 481 A (ROGERS GRANT ET AL) 16

January 1996
* column 3, line 53 - column 3, line 65 *

* column 5, line 47 - column 5, line 60;

claims 7,9; figures 1,2 *

US 5 589 684 A (BERRANG PETER G ET AL) 31

December 1996
* column 3, line 45 -

* col umn 6, 1 ine 25 -

* column 7, line 65 -

claims 8,23; figure 1

column 3, 1 ine 47 *

column 6, 1 ine 47 *

column 8, 1 ine 29;

EP 0 650 083 A (AT & T CORP) 26 April 1995
* column 1, line 45 - column 2, line 6

*

* column 2, line 20 - column 2, line 36
* column 4, line 20 - column 4, line 22
* column 8, line 20 - column 8, line 41

W0 94 17448 A (KASHYAP RAMAN ; BRITISH
TELEC0MM (GB) ) 4 August 1994
* page 6, line 24 - page 8, line 35;

figures 1,3
*

-/--

The present search report has been drawn up for ail claims

Relevant
to claim

7,10

1-3,7-9

CLASSIFICATION OF THE
APPLICATION (lnlCI.6)

1-3,7-9

1,7

1.7

TECHNICAL FIELDS
SEARCHED (IM.CI.6)

o
tj

o
(L

«o
r-1O
r-l

a

$
u.

O
a.

Place ai search

MUNICH

Date ot completion ol th« search

26 August 1998

Examiner

Gnugesser, H

CATEGORY OF CrTED DOCUMENTS

X :
particularly relevant if taken aJone

Y : particularly relevant if combined with another

document of the same category

A : technological background

O : non-wntlen disclosure

P ' intermediate document

T : theory or pnnciple underlying the invention

E : earlier patent document, but published on, or

after the fifing date

D : document crted in the application

L : document cited for other reasons

& : member of the same patent family, corresponding

document

3

BNSDOCID 1 <EP 0860917A3_I_>



EP0 860 917 A3

European Patent

Office
EUROPEAN SEARCH REPORT

Application Number

EP 98 10 3039

DOCUMENTS CONSIDERED TO BE RELEVANT

Category
Citation ol document with indication, where appropriate,

of relevant passages
Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (InLCLS)

HAMAKAWA A. ET AL: "WAVELENGTH
STABILISATION OF 1.48 MUM PUMP LASER BY
FIBER GRATING tt

ECOC'96, 22ND EUROPEAN CONFERENCE ON
OPTICAL COMMUNICATION (IEEE CAT.
N0..96TH8217), 15 - 19 SEPT. 1996, OSLO,
NORWAY ,

vol. 1,

pages 119-122, XP002072604
* the whole document *

1,7

TECHNICAL FIELDS
SEARCHED (lnt.CI.6)

The present search report has been drawn up for all claims

ou
o
a.

CO

5
cr
O
LL

O
a

Pi

MUNICH

Oal« of completion of th« teareh

26 August 1998

Eiam»r*«f

Gnugesser, H

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken aJone
V : particularly relevant if combined with another

document of the same category
A . technological background
O : non-written disclosure

P ; intermediate document

T : theory or principle underlying the invention

E : •artier patent document, but published on, or

after the filing date
D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

BNSDOCID: <EP 0B60917A3J_>


